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.. NoDrwing. Application Iay 3, 1950, 
8 Claïms. (CI. 252u342) 
Tbis venlion retates, to.peroeunx.e*nuzons 
o[ the watvr-in-ofl YPe .tha 
ïerred o a "cuto[," '/«rofly 
etc., ad w-hic h. .c0.nprise..fine, doplets .of-nau- 
:all[¢,occuring.. waters- or :bines .dispersed, in 
.note or iess .per.nnent s.tate..tifroughoùt ,the .off 
which eonstitu£es the on-tinuous.. phase .of .the. 
emulsion. 
One object of.*nY invention-:is- 
novel process for breaking .or resolvfl]g e.nulsions 10 
of the kind referred toi 
_ Another..object of.».ny.:invenion is to provide 
an. econ0mical :and: rpicl-.process -for :separating 
emttlsions which ,have/.bean .prepr.ed under con- 
trolled.conditions:fm.n miaer.al off, such as crude 15 
off :and r.etativel[¢..s.oft, wters, or weak brines. 
Controlled :emulsification-and:subseuent demul- 
sification .under the conditions.-j_us, menioned, 
are. _of significan£-:v,lu:e in removing i.npurities, 
paricularly.inorgniC satts.:fro.n pipeline ofl 20 
De.nttlsifica.tion as. conte.nplated: in--the-present 
app!icaion; includes he preventies£ep of .co.n- 
.ningling the de.nulsifier with £he uqueous com- 
lonen-t-which.would o might subsequent!:¢ be- 
co.ne :either phase of the.emulsion, in. absence of- 25 
suc.h precautionary .neasure. Simitar!y,, sachde- 
mu/sifier maF be mixed with the._hF.drocarbon 
co*nPonent. 
.More. specificàtl.  .the .p]:esent nention. is con- 
cened with a .process. for..breaking petoleum 30 
emulsio.ns of the a£er-in,ol. type charcterized 
by subjec.ting the e.nulsion o .the ac.tïon 
de.nulsifier inCluding certain acidic p0ycarboxy 
esters, prticularly, dicarboxy es.ters ...of oxypro- 
py!a£ion derivatives 0btained from.styrene gly, col 35 
and !ow .nolal polyztyrene .glycols, i. e:, styrene 
glycoI to and inclu.ding an average of the 
hexa.ner. 
More spectfically thon he present 'process is 
concerned with breaking-petroleum e.nulsions of 40 
the water-in-oit type characterized by-.subjecting 
the emulsion- fo the uction-ef--a, de.nùlsifier 
cluding: a mono.neric, acidic -f, ractional .ester; .said. 
acidiC fractional ester being obtaned-by reaction 
beween -(a) one mole-o£ thedihèxoxla,ted-.oxy-. 45 
propylation .pvoduct obtained, fr0.n.a..ne.nber of 
the. class consisting of. :styrene. gly, cols-and pol-y» 
styene gly.cols up to-and including the.hexa.ner, 
and .(b) 2..noles :of .a polyc]:boxy-acid:;, said oxy- 
propylaion product priov to esteviflcatior heing 50 
withi the *nolecular_-.w.eight. range of 750_to_350.0 
and-heing obtained by: exypropylation: in- the 
*nolal ratio:-from .0:.'o--i: th.o_ugh Nae range _oï 
50 to 1. on.-the basis.:of propylene._oxide4o styrene- 
co.npound,-and- said. oxyprop.y.lation t.roductpr_io 55. 
fo esterification:being wt_e2.÷Lnsluble:; said acidic 
reactant having hot more thon 32..earbon at0ms. 
F0r-purPese of cenvenience -w-hot is :said here- 
lnaf, teç .fll be divided into.four.par, ts. 
: :Ppt:! :is concenaed wih ,des¢ption.ei:sty- 60 
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 rene glycol and the low .nolat pelystrene gly- 
cols; 
Part 2 is concerned with the oxypropylation of 
the aïore.nentioned styrene gly¢ol; 
Part '3 is concerned with the conversion oï the 
oxypropylated dezi.vatives tnto fractional acid 
esters by reaction..with, pol-ycazboxy acids ,and. 
pazticularly dicarbox:yscids; and 
Parut 4 is c.oncerned, with .the use. 0ï. SUCh. acidic 
fractional esters and' th e resolutio n Oï petroleu.n 
emulsionsof the water,in-oil type. 
PAleT 1 
Syr.ene glycol .canbe obtained in.vadous .non- 
nets as descrihed, in the litersture. _One pzo- 
cedue is. fo react st:rene:.oxide with Wter. 
Póly_styene glycols con be obtained by a.ious 
.nethods. For instance, the.conv.entionalmethod 
inv.olving etherization heteen.two or more mole- 
cules .of. styrene glycol,.can be ,used.. Another. 
pocedure.nost frequently e.nployed is -sire-piF-fo 
treat styrenc .glycol with one. to. fi-e mnoles .af 
styx.ene oxide. 
Syrene.oxidë, so.netimes .reerred .fo. as phenyl 
ethFlene, oxide, or styene epoxide, remets "m the 
sa.ne .nanner as other.alpha-beta lkylene «oxide 
eactants. This .is illustrated by co.npariso. 
t.ween the reactivity of .styrene.oxide-in co.npgri- 
son with other.oxides .towards phenols. See ç. S. 
Patent No.. 2;422,637, dated June. 17, 947;.. 
Tho.nas. 
leactions in.volvg alpha-beta-alkFlene«:8xi¢le 
beco.ne *note co.n.plicated .when .one-is conoerned 
wiçh a.substtuted alk[¢lene/9xii_e :a%:f0.rexa.nlole; 
sY,ene, pr.opytene-oxid,:-0r the li.ke The*nech- 
anism of this reaction,..i« e, _reaction- involing 
the opening :of the epoxy:ing,.has :been: subjec£ed 
fo considerable examint2or and_explo]:ation.blt. 
is .stfll so*newht .obscure.. Sêe J. A: .C..S.,. vol: 
72, No. 3;pp. 125l:53,lVIar.ch;:l.950; J..Soc. Che.n. 
Ind. (London), vol, 68»..pp.. 179-83; June, 19.49; 
and J. A..C, S., ol..68,:p«680::(1946). ; and. 
ical., andEngineer.ing News;. vol,. 2;: Nö. E6: page 
1136. This «r.efers to.a. paper -presentedby Guss 
on. styrenc-eide -reac-tions .a.t the. Aprfl, i'949;  
.neeting er- he. Arnerica-n Che*nica.1 Socièty. If 
.nay bave appeared in-he literature subse.queny, 
.In tigh of- what-wfll-be said subsequently if 
beco.nes obvious that one actually does 
tain a single co.npund:/but does obtain-.a 
generic mixture ai the vari0us stagesoï manu- 
facture. This is particularly rue in the ox- 
propyIati0n- otage but als_o aloplieS .fo the .oxy- 
(phenyl)_ettiyltion. This can .be fllustra.t.ed"b;¢ 
 consideation ,of .dfsyrene g!yol. Tti:e. melïo.d: 
of :obtining .thiS: poduct bas. been, noted.:p,r.ev1 
ously. If can be obtained by the.etherizatmn 
two .noles- of sty.ene, gycol.or-£he, teatmaut, of 
one mole ,of. strene glFcol woEth, .one .*note.0ï. 
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rene oxide. For sake of simplicity the reaction 
involving 2 moles of styrene glycol is shown thus: 
H H __ H H 
H O--C--C-- O--C--C--O ] 
The styrene glycol, 1Ne propNene glycol, 
c!udes one prary alcoholic roup and one sec- 
ondary alcoholic zoup. Thus ai this ststae 
of polymerization three dilycols are possibly as 
itrated above. It becomes obvio that more 
complicated structures and more omezs appeaz 
ai the bicher sçe oï oxy(phenyl)ethylation. 
Oxy(phenyl) ethylaçion  employed undez the 
saine conditions as other conventional algha- 
beta oxides, i. e., in pzesence of acid catalys, 
pzesence oï basic catalysts, d in absence of any 
catalysts. The acid catalysts employed may be 
illustrated by mineral acids includin sulfuzic 
acid, oranic acid such as sfoc acids, alumi- 
hum chlozide, zinc chlozide, stac oz stanno 
chloride, ïerzic chloride, e. Borne clays bave 
been used which bave acid characteztics. The 
aaline calysts include caustic soda, caustic 
poth, soum methylate,-etc. The particar 
dection taken by the zeaction, whethez pro- 
pylene oxide oz stene oMde, 
detmed in part, af least, by the catalyst 
employed. l th bas been examined and d- 
csed in the litezature zefezences above. For tuf 
pticulaz ppose if is material whethez the 
dezic, trezic, tetrameric, pentameric, oz hex- 
americ polystene lycol is obtained by y par- 
ticlar catalyst oz  absence oï a catalyst. 
fact, monomezic .stene lycol as diffezentiated 
ïzom the low stae polers  a very saçfacto 
initial reactant. Stene lycol is very watez- 
soluble but substantially soluble in benzene. 
 polerization czeases solubility 
dzeases and solubity in hydrocarbon solvents 
czees. Stene lycol . a solid whezeas the 
bicher polezs become liquid. 
I bave limited th e polystene lycols hezein 
employed as initial zeactan to the hexameric 
se. Neediess fo say, the coenezic mture 
obtained by treatin one mole of styzene lycol 
ith 5 moles of stene oxide wfll hOt necessarfly 
be lited to the hexamer bu will contain some 
lower polers and some bicher lymers but on 
the averae wfll repzesent the hexamez. This 
point  discsed subsequently in coection with 
the e oï pzopylene oxide where e saine situa- 
tion  involved. 
If is to be noted that if a polystene lycol 
is pzeped  an alkale catalys hat the 
aale catalys need hot be zemoved prioz to 
opzopylation for the zeason that an alkale 
catalyst is particarly satisfacç6ry for th sub- 
suem 
Iï an acid catalys is employed in pzeparin 
the polystene lycol çhen one bas a choice oï 
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a number of procedures.  ":One procedure is fo 
leave the acid present and use the acid as a cata- 
lyst in oxypropylation but this is generally unsat- 
 isfactory for the reason that where there is repe- 
 titious oxypropylation an acid catalyst seems to 
-.lose its effect or, in any event, be less satisfactory 
than an alkaline catalyst. The use of an acid 
catalyst may result in combination with an alkyl- 
ene oxideto yield products of unpredictable sta- 
10 bflity. However, if the amount of oxypropylation, 
as subsequenkly described, is of a limited nature 
the acid catalyst may serve but may hot represent 
the most desirable procedure. 
The acid-catalyzed reaction product may be 
15 freed from acid and an alkali added, or alkali 
can be added and the material refluxed after dilu- 
tion with xylene, followed by ïfltering to remove 
any sodium chloride, sodium phosphate, or sodi- 
um sulfate. Sodium salts of sulfonic acids are 
20 hot as readfly removable. The formation of poly- 
stYrene glycols in absence of a catalyst is a slow 
reaction but, needless t0 say, such initial material 
or primary reactant free from any catalyst is a 
perfectly satisfactory raw.material. 
25 PART 2 
The monomeric material can be purchased. I 
bave also prepared derivatives of the kind de- 
scribed in Part 1, preceding, on a laboratory scale 
30 varying from a few hundred grains or less to 
somewhat larger amounts. The saine applies to 
the preparation of the oxypropylated compounds 
with wlich this second part is concerned. 
For a number of well known reasons equip- 
3, ment, -hether laboratory size, semi-pilot plant 
size, pilot plant size, or large scale size, is not 
as a rule designed for a particular alkylene oxide. 
Invariably and inevitably, however, and particu- 
larly in the case of laboratory equipment, the 
&0 design is such as to use any of the customarfly 
avaflable alkylene oxides, i..e., ethylene oxide, 
propylene oxide, butylene oxide, glycide, epichlo- 
rohydrin, styrene oxide, etc. Such equipment bas 
been employed in the preparation of the poly- 
5 styrene glycols referred to elsewhere in the text. 
In the description of the equipment it becomes 
obvious that it is adapted for oxyethylation as 
well as oxypropylation. 
Oxypropylations are conducted under a wide 
50 variety of conditions, not only in regard to pres- 
ence or absence of catalyst, kind of catalyst pre- 
viously described, but also in regard to the rime 
of reaction i temperature of reaction, speed of 
reaction, pressure during reaction, etc. For 
55 instance, oxyalkylations ca n be conducted ai tem- 
peratures up fo approximately 200 ° C. with pres- 
sures in about the same range up to about 200 
pounds per square inch. They can be conducted 
also ai temperatures approximating the bofling 
60 point of water or slightly above, as for example 
115 ° to 120 ° C. Under such circumstances the 
pressure wfll be less than 30 pounds per square 
inch unless some special procedure is employed 
65 as is sometimes the case, fo wit, keeping an 
atmosphere of inert gas such as nitrogen in the 
vessel during the reaction. Such low tempera- 
ture-low reaction rate oxypropylations have been 
described very completely in U. S. Patent No. 
70 2,448,664 to H. R. File et al. dated September 7, 
1948. See also British Patent No. 601,604, to 
File et al., dated May 10, 1948. Low temperature, 
low pressure oxypropylations are particularly 
desirable where the compound being subjected 
75 to oxypropylation contains one or two lointa of 
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reaction only» such-as one or two.hydroxylradi- 
cals. 
Since iow. pressure,-low- temperature reaction 
speed oxypropylations-require-considrable rime, 
for instance, 1 te 7 da-ys, of- 24 hours eachto.com- 
plete the reaction, they are-conducted as a-rule» 
whether on a laboratory scale,- pilo plat scale, 
or. large scate; se as te operate-automatically.. 
Theprior figure-of seven days apptiesespecially 
te large scale operations. I have used .conven- 
tional equipment vith two added- automatic fea- 
tures; (c) a solenoid controlled valve which shuts 
off the propylene oxide--in event that the-tem- 
perature gets outside a predetermined--and k set 
range» for instance, liO ° te - 120 ° C. and- 
aother solenoid valve which-shuts 'off the pro- 
pylene-.oxide (or for that marrer- ethylene- oxide 
if it is being used) if the pressure gets beyond 
a predetermined range, such as' 25: te 35 pounds; 
Otherwise, the equipment is subsantilly the 
saine- as is commonly em!òloyed for this purpose 
where the pressure of reaction - is higher,tem- 
perture of reaction is higher; speêd of rection 
is higher, and rime of reaction is much-shorter« 
In such instances such-automatic controls are 
net necessarily used. 
Thus, in preparing the various examples I have 
round it particularly advantageous te use laborä - 
tory equipment which is designed te permit  con 
tinuous oxyalkylation whether it be oxypropyla'- 
tion or oxyethylation. With certain changes as 
wfll be pointed out hereinafter the  equipment 
can be used also te permit oxyalkylatîoninVOlv- 
ing the use of glycide or styrene oxide where no 
pressure is involved except the vapor- pressure 
of a solvent, if any, which may hve-been used 
as a diluent. 
As previously pointed out the mëthod of using 
propylene oxide is the saine as ethylene oxide. 
This point is emphasized only for the reason 
tha the apparatus is se designed nd constructed 
te use either oxide. 
The oxypropylation procedure empIoyed inthe 
preparation of the oxyalkylated-deriVatives has 
been uniformly the same, particularly in .light of 
the fuct that a continuous automatically-con- 
trolled procedure was employed. In this proce- 
dure the aut0claveWas a conventtonal autoclave  
marie of stainless steel and hàving a càpàcity of 
approximately one gallon and a working pressure 
of one thousand p0unds gauge pressure.. This 
pressure obviouSly is far beyondany requirement 
as far as propylene oxide goes unless there is a 
reàction of explosive violence involved due te 
accident. The autoclave was equipped.with the 
conventional devices and openings, such as the 
väriable-speed stirrer operating, at speeds frein 
50 1. P. M. te 500 1. Pi lV£; thermometer welland 
therm0couple for mechanical thermometer; 
emptying ourlet; pressure gauge, mànual vent 
line; charge hole for initial reactantS; af least 
one .connection for introdUcing the alkylerie oxide, 
such as propylene or ethylene- oxide, te the b0t: 
rem of the autoclave; along with suitable devices 
for both cooling and heating the autoclave; such 
as a cooling jacket and, preferably,.cofls in 
dition  thereto, with the jacket so arranged that 
it is suitable for heating With steam or cooling- 
with water and further equipped with eléctrical 
hCtingdevices. Such autoclaves  are, of course, 
in essence small-scale replicas of the usual con- 
ventional-autoclave used-in oxyatkyltion pro 

 Centinuous -olertion,. or:substanti'l.l 
tinu0as-operati0n.was :achieved:by -the use,,:of: a- 
separate container, rb -hold th: alkylene oxidè  
being employed, particularly propylene oxide. 
5 Tlïe containerconsistsessentially of a.labratory 
bomb having a capàcity: of:about: 0re-half-gallën».. 
or .somewhat in exceSs-thereof, in-seine in- 
starces a larger bomb..was.used; :to..wit onehav- 
ing à caiacity of abott:ore gallon-also,, with: an 
10 inlet for- charging and: an eductor :tube going te. 
the.bettm.of tlie::centainer se as t0 permit:dis- 
chagng.-of alkleè., oxide, in tliê :liluid: phase 
 to:the autoclave. Other conventinal/.equipmen 
consists, of course,:ofthe.rupturWdic; pressuré 
15 gauge sight :ïeed glass,:themometer cennection. 
or nitrogen for-pressuring.bomb, etc The bomb' 
was placed on a=scale:during:use The connec- 
tions .between thebomb and the.aut0clve:.were 
flexible stainless hOse -or tubing. se= ttiat: con-- 
20 tinuous weighings ïculcI. be ruade wthout breàl. 
ing or making ny conneci0ns This: als«-ap 
plied te the .nitrogèn lines: whict was:- used. t0 
prëssure the bomb reservoi. Te the extent that 
it was reqUired, any other usual conventionC: 
25 procedure or addition which provïded greater 
safety was used, of course, such aS-safety: glass» 
protectie screens etc.- 
Attention is directed again, te what: bas - beën 
said previously in regard t0 aut0mati control 
3o which shut off the propylene oxtdein event- tem- 
perature of reaction passes: out-of the predeter  
mined range or ifpressurein the aut0ct:a.vePasses 
out of predetermined range: 
With. this particular arrangement, prctiCally 
35 all oxypropylations becáme tmifonn-in tha the 
reaction temperature'was: held within a. few. 
grees oï anyselected point ïor instance; if 115 ° 
C. was selected as the operating temperature - the- 
maximum point would best the .most:120 ° C. or 
40 122° C., and the lower point would be ll0°or 
possibly 108 °C. Similarly, the pressure was held 
at. approximately 3{): pounds within a. 5-pound 
variation one way or the-other. The speed of 
reaction was 'slow under such- conditions:. Nui 
45 merous reactions were conducted in' which the 
time varied frein one day :(24 hours) upt0 tliree 
days (72 hours). In seine instances the reaction 
may take place in considerablFless, rime, i: e., 24 
hours or less. Ttieminimum:time recorded, was 
50 .a 24-heur period. Reactions«indicted as.1eing: 
complete in 24 hours may bave been complete in.. 
a lesser period of.rime inlight of the aut0matic 
equipment employed. In the addition of:propyl:e. 
ene oxide, in the autoclave equipment: as far as 
55 possible the valves were set se all the propylene 
oxide if fed Continuously would be added at a 
rate se that the predetermined, amount would 
react within the first 15 hours. of:the 24hour- 
period. This meant that if the reaction was in 
60 terrupted automatically for a 'period- of rime for 
pressure te drop or temperàture to drop"the pre 
determined amount ofoxidewould stfll be added- 
in most instances in- a 24-heur period: Seine- 
rimes where the addition wás "a comiaratively- 
65 small-amount over a 2-h0ur peribd there would. 
be an unquestionable speeding upof the: reaction: 
When operatng at 'a comparattvely high tm 
perature, for instance; between 150°t0 200 ° Ci, 
an unreacted alkylene oxide, such as:popylene 
7O-oxide, makes its presencëfelt in the increase in. 
pressure or the consisten'cyof g highpresSure. 
I:fowever, at a low enough temper-ature it may 

cedures: In some instancês a larger autoclave happen that the propylerïe " oxkle'.goes in as a 
ws used, l..e:, one-having"a capa-cit'-rànging: liquid. Ifse; and if:itrêmhlns-unrëàctèd..there 
in-the-neghb0rhood of-lS " gallonS: ..... 75: is» of Course, anlnherent lànger and appropriate 
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stels mus be taken fo safeguard against this 
possibflity; if .need be a sample must be with- 
drawn and examined ïor unreacted propylene 
oxide. 
The higher the molecular weight of the coin- 5 
potmd, i. e., towards he latter stages oï reaction, 
the longer the rime required to-add a given 
amount oï oxidè. One possible explanation is 
that the molecule, being larger, the opportunity 
for random reaction is decreased,  Inversely, the 10 
lower the molecular weight the faster the reac- 
tion takes place. For this reason, sometimes ai 
least, increasing the concentration oï the cata- 
lyst does not appreciably speed up the reaction, 
particularly when the product sub]ected to oxy- 15 
alkylation bas a comparatively high molecular 
weight. However, as bas been pointed out pre- 
viously, operating ai a low pressure and a low 
temperature even in large scale operations as 
much as a week or ten days rime may lapse to 20 
obtain some oï the higher molecular weight de- 
rivatives ïrom monohydric or dihydric materials. 
In a number of operations the counter-bal- 
ance scale holding the propylene oxide bomb was 
so set that when the pzedetermined amount of 25 
propylene oxide had passed into the reaction the 
scale movement through a rime operatin device 
was set ïor either one to two hours so that re- 
action continued ïor 1 to 3 hours aïter the final 
addition of the last propylene oxide and there- 30 
aïter the operation was shut down. This partic- 
ular device is particularly suitablé for use on 
larger equipment than laboratory size auto- 
claves, fo wit, on semi-pilot plant or pilot plant 
size, as well as on large scale size. Incidentally, 35 
the ratios in the table are amounts as taken 
from the scale and the actual amounts oï prop- 
ylene oxide may have varied slghtly one way 
or the other insoïar that the scale readings ai 
approximately 1,000 grains may have been off 5 40 
fo l0 grains, and at 2,G00 grains may have been 
off 15 fo 25 grarns. In this sort of operation, of 
course, the temperature range was controlled au- 
tomatically by either use of cooling water, steam, 
or electrical heat, so as fo raise or lower the 45 
temperature..The pressuring of the propylene 
oxide into the reaction vessel was also automatic 
insoïar that the ïeed stream was set for a slow 
continuous run which was shut off in case the 
pressure passed a predetermined point as previ- 50 
ously set out.. AH the points of design, construc- 
tion, etc., were conventional including the 
gauges, check-valves and entire equipment. As 
ïar as I am aware ai least two fifres, and possi- 
bly three, specialize in autoclave equipment such 55 
as I bave ernployed in the laboratory, and are 
prepared fo ïurnish eçluipment of this same kind. 
This point is sflnply ruade as a precaution in the 
direction of saïety. Oxyalkylations particularly 
involving ethylene oxide, glycide, propylene O 
oxide, etc., should not be conducted except in 
equipment specifically designed for the purpose. 
A word can be included in regard fo the use 
of either glYcid or styrene oxide. As previously 
pointed out products subjected fo oxypropyla- C5 
tion are obtained by the treatment of styrene 
glycol with styrene oxide. In this instance pres- 
sure was not involved and no effort was made 
fo use an automatically Controlled long-rime re- 
action leriod (slow'reaction rate). Indeed, in 70 
the use of styrene oxide the entire equipment 
was used almost as if if were an ordinary piece 
of non-pressure laboratory euipment, since such 
reactions can be. so conducted. Due fo the high 
boi!ing point of styrene oxide one can readily 5 

emp!oy a typical separable glass resin pot àS 
described in U. S. Patent No. 2,499,365, dated 
1Varch V, 1950 fo De Groote et al., and offered 
ïor sale by numerous laboratory supply bouses. 
This equipment is also described here ïor the 
reason that if is used in subsequent operations 
ïor adding the catalyst to the styrene glycol or 
polystyrene glycol, and also because it exempli- 
fiies the equipment used on a laboratory scale 
fo prepare the esters described in Part 3. If such 
arrangement is used fo prepare laboratory-scale 
duplications, then care should be taken that the 
heating mantle can be removed rapidly, so as 
to allow ïor cooling or better still, through an 
added opening ai the top of the glass resin pot or 
comparable vessel should be passed a stainless 
steel cooling cofl so that the pot can be cooled 
more rapidly than by mere removal of mantle. 
If a stainless steel coil is introduced it means 
that the conventional stirrer of the paddle type 
is changed fo one of the centriïugal type, which 
causes the fluid or reactants fo mix due fo swirl- 
ing action in the center of the pot. Still better 
is the use oï a metal laboratory autoclave oï the 
kind previously described above but in any 
event, when the initial amount of styrene oxide 
is added fo a suitable reactant, the speed oï re- 
action should be controned bY the usual factors, 
such as () the addition of styrene oxide () 
the elimination of external heat; and () use oï 
cooling so there is no undue fise in temperature. 
All the foregoing is merely conventional but is 
included due fo the hazard in handling styrene 
oxide. 
The amount of catalyst used in oxypropylation 
may vary ïrom as little as / % up fo 5%. The 
amount may vary during the oxypropylation 
period as exempliiïed by the addition of the cat- 
a]yst ai the very beginning of the reaction only 
and with no ïurther addition. Needless fo say, 
there is a comparatively high concentration oï 
catalyst ai the beginning of the reaction and a 
comparatively low concentration ai the end; in 
tact, not inïrequently the amount of catalyst 
at the end will be / of 1% sodium methylate, 
or caustic soda, or less. CRtalyst can be added 
intermittently during the reaction period pro- 
vided that suitable equipment is available. If 
is rather diflicult fo employ such equipment on 
a laboratory scale but if can be employed, of 
course, on a pilot plant scale or larger scale. 
Needless fo say, the residual catalyst need not 
be as low as /%. If may be as much as 1% 
or . %, which means that the catalyst added ini- 
tiany may be several rimes as much as indicated 
in the table, ïor example, in the subsequent table 
in Example . the.amount of monomer employed 
was a little over .00 grains. The amount of 
catalyst added was l. grains or 6%. Actually, 
the amount of catalyst added could be twice or 
two-and-a-half rimes this amount. The result 
would be, .everything else equal, that the final 
product would simply have more residual cat- 
alyst. 
The products subjected to oxypropylation were 
styrene glycol, dimeric styrene glycol, trimeric 
styrene glyCol, and tetrameric styrene glycol, the 
pentamer or hexamer. These materials were 
prepared in the manner previously described and 
were either neutral or alkaline, due fo the pres- 
ence oï a residual catalyst. When reference is 
ruade fo the addition of sodium methylate this 
reference is fo thè total amount present, i. e., 
that which is present as a residual catalyst, if 
any, plus what was added in the oxypropylation 
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sep, Causic soda, of_course, could beused.to 
replace:sodiurpmethylate. The latter was .used 
puelY as. a marrer of 'greater. conveIfience be- 
cs,me_ ik.iS available aaa fiely divided powder. 
Itlis advisabletoagain ppint" out at-ere is 
no queson as o tke strture of s%ene fflycol 
but %he hiher pol3ers may representa - mia- 
te of cogenedc produc or isomers: Three- 
suctures, bave  been sugested for di-styrene 
glycoL Nèeess to say,  more possibilities exist I0 
for the_ trier, tetrmer,, or pgntamer.. The fol- 
lo)fomulas are blieved to chractere the 
bu of %he .produc .empoyed but- iff is obous 
tha one may. have. 0ther_ oms or. a mixture 
of. omers,. bt. in any evenç;., a: dihyoxylated I 
compod; 
Hoc--o 
HOCC--OC--C--OH 
HO--C--CO----CCO --C--C-- OH 
whe. i, 2, 3.or.4.. Sg 
_ ha, follo, exmp!es sodf, methlte 
ws-:.used as+ :CtSt,  my itnces .çhere 
  question s %o wht extent.coholyss tes 
place._ hen_ sodi_ meçle, is. ddéd o the 
hxlged_recnk.. .e8.prieulr_ ex- 4o 
mles-.the stene g!col;, or lystene. glycol 
wss-mxed -ith n amount of.so m¢çhyle 
 cted. and o ith 500 ms.ofxlene. 
@m%e .w-:pceddn.the res ,tpe .sk or 
vlen%. as preously- descrbed d. heted 48 
-the- retoE po%..foz wo hos:nd then. = 
otely I00 ce. of xylene_ws IIoed %o rdiS= 
t over, and _-chtin thtrp., Thé. xylena 
ws:s¢rded: nd- replced .y+ n.equl moun% 
of.. xlen; I.LIcoholss..h tken_plce.meth 80 
Mohol. wod e. present; in %he. initl_ xylene 
tHte-nd presly s.move.d. 

Oxypropylation vas. ,conducted then in the 
usual-mariner; first sweeping 0utLthe equipment 
with rgtrogen;, setting- the. autómatic contr01s. 
and adding the propylene-oxide-in- such .mariner. 
that it vas injected .ino-the reacMon..vessel in 
10 to-15hours» pro¥ide&there ws no/interrup- 
tion due to- excess temperature;.pressure» e., 
specic, example is included by?way-of-iltusta- 
tion. 
Ex(mple la 
414 trama o£ monomeric styr_ ene glyeol ,were 
mixed with 12 grains of sodium, methylate nd 
500 grains o£ xylene. The mixture was reuxed 
in the manner previously described and then 
placed in the autoclave and the ,Pot eompletely 
.flushed out, with nitrogen. The. autoclave vas 
sealed, the automatic devices, adjusted, nd set 
for injecting, a total.,o£ 1914.grams,.o£ propylene 
oxide in a 12-hour peri0d (approximately 150. 
grains per heur). 
In seine expeiments: the predetermtned rate 
was .as lov as:100 grains Per-hour. and:asmuch 
as 300. grains per:heur. The.autoclkves.used w,ee 
identical except ms,tosize, 0ne ïoeing.slightlyiess 
than- one .gallon in capacity_ and/theï.other 
proxtmately 1%, gallons. 
During- this,particular ex-pertinent the4emper-  
ature,-range varied frein 115. te 1257 C,. Thepresr 
sure.varied frein-30-te 40.pounds .per squre4neh: 
This.. temperature: noE: pressur: rang.eï inciden 
tally, ,was used in.ail, this.series, The-time re= 
quired was. 24 bourse. This means .that, the- ex=. 
periment was started..one:day..ad.was complete 
he next day, ActullYï 11 addition of.the.oxi.de 
was -probably complete:/in about-10 -to..12: hours 
.but. for convergence :anyhing-less..than:24:,hours 
is-till-recorded as..2,4:hours; 
The- final: produe vs:, a somewho£, viscous. 
amber-color.ed? uid vhich was wter_.insoluble 
Il was, ctiaraeteristi¢ o al1 the varios end:pro.d- 
ucts, obtined in this: series:,. Tt. WaS;. o- co.urEe; 
slighfly: alkaline-due.to, the-resiual.methylate re 
action product.. A eomplete-series,isillustrated; 
with, al1 pertinent, data, in the» following; tble 
The molecular .welghg of the final.produet:-is 
,based on the assumpti0n thatifreacfioris còm= 
plete, and' all evidence- seems.to point tïythis 
and,. of- course» in light, of? wht is said: subse= 
quently must, represent a statistical averagè 
rather than a single .glycol. .. 

Probable 
E. Syrena-- IV61ecu- 
IWo. : Glyçol 1 
la .... Monomer. 18 
4a ........ de ....... 138- 
a ........ d0 ...... 258 
Sa ...... :e.do ....... 258 
7a ..... ï._doï ...... 258 
9a ..... Trime .... 378 
12a ....... de ....... 378 
13a.:._ Tetramer _ 498 
14a ....... de ....... 498 
la ....... de ....... 498. 
16« ....... de ....... 498"- 
17OE:___ Pentamer_ 618 
18a ....... de ....... 618. 
2oa .... de= ...... 618 
2la--_ i Hexamer._ 738. 
22a = ...... db ...... 738 

Xyloo 
Amt. i Addod" 
(.gs.) i if any 
! (grs.) 
414 .00. 
207 00 
138 500 
110 500 
774 500 
387 500 
258 500 
- 206  500. 
1,134 500 
568 500 
378 500 
302 500 
1, 494 500 
749 500 
, 498 50ff 
398 500 
1 854 500. 
927 500 
618 500 
494 500 
2, 214 500 
1,107 500 
738 50 
590 500: 

' Sod: r 
VI eth.- 
ylate- 
(grs.) 

12: 0 
12. 0 
11.0 
12 5 
13.' 5 
11. 5 
12. 0 
11.5, 
11.5' 
i0..0' 
11.0- 
11.0 
16/0" 
15.0 
11.0 
11. 5 
19. 0 
16. ff 
12; 5_ 
12. 0- 
20.0 
16.'0 
13. 5 
12.$ 

Propyl- 
Oxida 
:dded 
(grs.) 

1;914. 
2, 205. 
1,.914 
2,A80 
1;944- 
1; 914 
2, 20. 
i,.944. 
1, 914 
2, 20: 
1, 914- 
1; 944 
1) 91 
2, 205. 
1, 914 
1,944' 
1,914, 
2, 205" 
1,914 
1, 944., 
1914. 
2; 205: 
1,.914 
1, 944 

1V£olal: 
Rti0 

11:1 
25r1 
: 33:1 
' 42;1 
11:1. 
25:£ 
42; l- 
lift- 
25:1 
33:2 
42:1 
ii:I 
 25:1 
33:1 
. 42:1 
11:1. 
25:1 
33:1L 
. 
' 11.:1- 
251L 33:1, 
42:1  
: 

T/me 
(hts.), 

and 
Min: 
Temp. 
 C:: 

:Max.- Molec- 
anal:  ular 
Min,. . Vgt. 
' Presç Final 
p.s.L Prod. 

30:4ff .: 776 
30r40 1, 608 
30-30 ' 2; 052 
" 30q,40. '! 2,568 
30-40. 896 
3040" :t728 
300; i'  21172 
30. 2, 688 
300: 1;01 
; 3O .1,948 
30.' 2,292 
30-  
30: ] 1,136 
300 2ç068 
80 2; 412 
80 28 
- 30 1 256 
' 300' 2,188 
.. 30.  048 
30 1,376 
:_ 80: 2;808 
30 ] 2,652 
: 80- 3;168 
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Il 
Previous ieference bas been made te the fact 
thaç the erd products are in essence cogeneric 
mixtures which represent thé. ratios indicated on 
an s, verage or a statistical .basis. This applies 
both in the higher sta.ges of oxy(phenyl)ethyla- 
tion and in substantially all the stages of oxy- 
proplyation. Reference ïs ruade te the previous 
examples herein it is obvious that the divalent 
radical --(C3H60)n-- appears. One example is 
H0--C--C--0(CH0)»H 
Forpurpose of illustration no effort was ruade te 
consider vhether or net oxypropylation of the 
secondary alcohol radical takes place af the saine 
rime. Actually vhen such products are obtained 
in the manner herein described one does net oh- 
tain s, single derivative in vhich n has one and 
only one value, for instance, 14 or 15 or 16, or the 
like. Thus, one obtains a cogeneric .mixture Of 
closely related or touching homologues. These 
materials invaribly have high molecular weights 
and canner ,be separated frein one another by 
any known procedure without decomposition. 
The properties of such mixture represent he con- 
tribution of the various indivdual members of 
the mixture. On a statistical basis, of course, n 
can .be appropriately specified. For practical 
pur]poses, one need oniy consider the oxypropyla- 
tion of a monohydric alcohol .because in essence 
this is substantially the mechanism involved. 
Even in such instances vhere one is concerned 
with a monohydric reactant one canner draw a 
single formula and say that by folloving such 
procedure one can readily obtain 80% or 90% 
or 100% of such compound. However, in the 
case of ai least monohydric initial reactants one 
can readily draw.the :formulas of a large hum- 
.ber of compounds Cvhich appear in seine of the 
probable mixtures or can .be prepared as compo- 
nents and mixtures which are manufs, ctured con- 
ventionally. 
Simply .by vay of illustration reference is ruade 
te the eo-pending application of De Groote, Wir- 
tel,. and Pettingill, Serial No. 109,791, flled August 
11, 1949, new Patent No. 2,549,434, dated Aprfl 17, 
1951. 
However, momentarily referring again te a 
monohydric initial riactant if is obvious that if 
one selects any such simple hydroxylated com- 
pound and subjects .suchcompound te oxyalkyla- 
tion, such as oxyethyIation, or oypropylation, it 
.becomes obvions that one is really producing a 
polymir of the alkylene oxide except for the ter- 
minal group. This is particularly true where the 
amount of oxide added is comparatively large, for 
instance, 10, 20, 30, 40, or 50 units. ]f such a 
compound is stbjected te oxyethylation se as te 
introduce 30 units of ethylene oxide, it is well 
known that one does net obtain a single constit- 
uent which, for the sake of convenience, may be 
indicated as RO(CHO)3OH. Instead, one oh- 
tains a cogeneric mixture of closely related homo- 
logues, in vhich the formula may .be shown as the 
following, RO(CHO)H, vherein n, as far as 
the statistical average goes, is 30, .but the individ- 
ual members present in signiflcant amount 
vary frein instances where n hasa value of 25, 
and perhaps leSs, te a point .vhere n may repre- 
sent 35 or more. Such mixture is, as stated, a 
cogeneric cloely related series of touching ho- 

12. 
mologous compounds. Considerable investigatim 
has .been ruade in regard te the distribution  
curves for linear polymers. Attention  i directe d 
te the article., entitled "Fufldamental princip!es 
5 of condensation polyrneration," by Flory,. vhich 
appeared in Chemical Revievs, volume 39, No.. 1, 
page 137. 
Unfortunately, as ha .been pointed out by 
Flory and other investigators, there is no satis- 
factory method, .based on eithei experiment.l.ï)r 
mathematical examination, of indicating the ex- 
act proportion of the vs, rious members of toucl- 
ing homologous series which appear in cogeneric 
condensation products of the kind described. 
This mes, ris that frein the practical standpoint, 
i. e., the s, bility te describe how te make the prod= 
uct under consideration and how te repeat such 
production rime after rime without diIficulty, if 
is necessary te resort te seine other method of 
description, or else consider the value of n in 
formulas such as 
H H 
H0--C--C--0 (CïH0),H 
II(OHC,),O--C--C--O (CH.O) 
30 . H 
as representing .both individual constituents in 
35 which n bas  single deflnite vlue, and lso witl 
the understanding that n represents the average 
statistical value .based on te assumption oï com- 
pleteness of reaction. 
This may .be illustrated as ollovs: Assume that 
40 in any partiular example the molal rat2o oï the 
propylene oxide fo the diol ls 15 to 1. ActuallY, 
one obtains products in vhich n pro.bably va,les 
from 10 to 20, perhaps even further. The aver- 
a.ge value, however, is 15, assuming, as previ- 
45 ously stated, that the reactlon is eomplete. The 
product descrbed .by the formula may 
scri.bed lso in erms of method of manufacture 
.but insofar that  single hydroxyl oniy is in- 
 volved as differentiated from materials obtained 
50 by oxypropyltion of polyhydric reactants 
pears more satisfctory fo employ the customaxy 
formula type description as long as the obvious 
limitations are completely understood. 
Reviewing then the oxypropylation products 
55 descri.bed, if will .be noted that they ,corne within 
the moleeular weight range Of bout 750 te 3500. 
They represent  nolal ratio of propylene oxide 
te hydroxylated reactant varying frein 10 te 1, 
through the range of 50 te 1. The products are 
60 invariably water-insoltble notwithstanding the 
fact that styrene glycol is water-soluble and the 
lower propylene glycols are water-soluble. In 
substantially every instance the products are also 
soluble in kerosene. My preferred molecular 
5 range of reactants is beveen 1,000 and 2,500. 
PART 3 
As previons]y pointed out the present invention 
is concerned with acidic esters obtained frein the 
70 propylated derivatives described in Part 2, imme- 
diately preceding, and polycrboxy acids, particu- 
]arly dicarboxy.acids such as adipic acid, phthalic 
acid or anhydride, .succinic acid, diglycollic acid, 
" sebacic acid, aZelaic acid; actonitic acid, maleic 
75 acid or anhydride, CitraConic acid or anhydride, 
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-maleic-acid or anhych-ide adducts as: obtained by 
the 'Diels-Alder reaCtion from ,products such as 
maIeic anhydride, :and cyclolentadiene,  Such 
acids should be heat :stable.se .theF.are net de- 
composed during ïesterification. They maY .con- 
.tain :as--many as:36 arbon .atoms as; .for exam- 
:p le, "the.acids obtained:by.dimerizátion of _unsat- 
urated fatty acids, .urïsaturated--monocarboxy 
-fatty acids, or unsaturated--monocab0xy acids 
having 18 ..ca-rbon - atoms. Reference :te .the 
acid in the hereto-appended claires obviousiy 
cludes the anhydride or any other, obvious equiv- 
alent. 
-:The production of esers including .acid. esters 
(fractional esters) frein polycarboxy acids and 
- glycols -is well known. -Needless te ay/various 
 . compounds, may be used such as .the .low :molal 
ester, the anhydrïde, the acyl chloride,.etc. How- 
over, or .purpose .of economy if is customary.-to 
use either theacid or the anhydride. ,:on--20 
ventional-procedure s employed..On.ïa abora- 
tory scaleone can employ a esin »pot f-thekind 
previousIy described .and particularly wlth,one 
.more opening te.permit the use o :a porous 
spreader if hydrochloric acid  gas is ..to-'be used ,25 
as a cata]yst. Such device or absorption spread- 
ets consist Of- minute Alundum thimbtes which are 
connected te a.glass, tube.  One can-.add:a ,sul- 
renie acid..such :as para-toluene sutónic-aid as 
.a catalyst. *rhere is seine objection to.thisbe- 
cause in seine instances there is some,evidence 
that this. acid.catalst tends te decompose or 
rearrangetheoxypropylated compounds an'd par- 
ticuIarlylikely te de se, if the esterïficatien.tem- 
perature is high. .In. the . case of pó]ycarboxy 35 
acids, such, as diglycoltic ,acid, which is-srongly " 
acidic thereis noneed.to add .any catatyst. The 
 use of hydrochtoric: gas has,:one advantage oer 
para-totuene sulfonic :acid : and that is, -that af 
the end of the reaction it can be .remoed.by 40 
fiushing out with nitrogen; vhereas there-is--no 
reasonably convenient means avaflable of remov- 
ing the para-toluene sulfonic acid or other sulionic 
acid employed,  If hdrochloric acid is mployed 
one need only: pass the.gas through at an-exceed- 
ingly slow :rate:se as .te keep the reaction, mass 
 acidic. Only a trace-of acid need be present. 
I have employed.hydrochloric a-cid-gas or the 
aqueous acid itseli, to:e]iminatethe, initial basic 
material. 
" The p]oducts obtained in:P, art P.,.preceding may 
contain a.basic catalyst.. As.a genera] .procedure 
I : have : added an amount..of half-concentrated 
hydr.ochloric.acid considerbly in. excess of what 
is- equired te neutralize the residual catalyst. 
The:mixture is shaken thorough]y and atlowed te 
. staxd, overn.ight. - It is then filtered and :refiuxed 
with th xylenepresent .until the water tan be 
:.seprad: in a phase-sepamting trap. :As soon 
as .theproduct is..substantiat]y free from .water 
'thedistillation stops. This pre]irninarystep can 
-be :carred- out- in the flask te be used for .esteri- 
fication. If there ,is,anF.further deposition of 
sodium chloride during the reflux stage need- 
.tess te say a second filtration  maF.be -.required. 
In any :errent :the 'neutralor slightly acidic Solu- 
«tion .of the oxypropylated derivatie described 
in. Part. is then  dfluted further with suflicient 
 xylene.so that one has, ebtained approximately a 
" 65%.solution. Te thissetutionthere is added a 
potycarboylated -.reactant . as .previously  de- 
scribed, such as phthalic anhydride» succinic-acid, 
 or anhydride, diglycellic acid,- etc. The- mixture 
=is refiuxed, untfl-esterification is complete-as 
dicatd.'by. elimination. 0f:vater or drop in-car-75 
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 boxyl .value or.drop, in.hydr.oxyl yalue. . Needless 
 te say, if one produces a :half-ester ffrom an. an- 
. hydride such as.phthalic .anhydride, no water-is 
eliminated. / However,; if :it. is obtained :f.rom di- 
S glycollic acid; -.for example, water is eliminated. 
AllsuCh-;pr0c.edures are conventional and .haro 
be.en se thorough]y described in the literature 
 that_further-consideratión will. be limited ,te -a few 
-examples and-a comprehensivetable. 
.10 ::Itïis,toïbe pointedout.that,theproducts here 
described are net polyesters in the sense that 
there is a plurality of both diol radicals and acid 
.'radicals;-the product is characterized by having 
 nlF..one diol radical. 
15 Example 33b 
(The "b" seriesexamples, lb, 2b, 3b, etc., are 
decribed in he-:subsequent table. Purely as a 
marrer of convenience Ex. 33b is selected to serve 
as an illustration.) 
: A xylene solution of oxypropylated product 
ample 3a, equivalent to 513 grains of the mate- 
rial, was employed as a hydroxylated compound. 
Tothis there-were added 67 grains of diglycollic 
acid. Sufficient xylene was added so the total 
amount of xylene present was approximately 25O 
grains. The maerials were placed in a glass resin 
pot.. of the. Mnd: previously described except that 
the:pot had four. top openings instead of three; 
one.for the coudenser, one for the thermometer, 
one.for the stirring device, and one for a diffuser 
tube for hydrochloric acid gas. Since diglycollic 
acid is a fairly, strong acid, esterifications can be 
conducted:a150 ° C., or higher, for instance, 200 ° 
C.; without .thense of an added catalyst, ttow- 
e/er, in this instance a trace of hydrochloric acid 
gas:was used.._In other words, during the esteri- 
fication procedure just a mere trifie of gas was 
permitted-to .pass through the mixture so there 
was always at ,east a trace or more of hydro- 
chloric acid present. The amount of diol em- 
ployed was approximately ¼ mole. The amount 
of. diglycollic .acid employed was approximately 
/e..mole, the raio being two to one. The amount 
of::,water evolved was somewhat less than 10 
grains. In all instances the reaction was stopped 
when the amount of water out was equal to theo- 
vetical or when an analysis of reaction mass 
showed :hat the .hydroxyl value or acid value 
.0 (generally the acid value) had droppedto:a com- 
:Pavativ.elF low figure-indieating at-least 85% to 
95:% :0f:esterification.  :Needless to say,. if too.much 
.-:hydrohlric acid gas-is used, and assuming the 
gas is dry, it will :carrry away Water of reaction 
-55 :hus :giving_a.low .reading. Also, if the. end of 
-thereaction is to be determined by acid value, 
:atlowance must-bemade for. any unreacted acidic 
 :catalyst--vhich:may.-be present. As previously 
pointed..out-para-toluene sulfonic acid. can be 
 C0-used hu: iris peferable:not to use it. V¢hen the 
::reaction-.:vas "completethe diffuser tube was used 
o permit::edry-nitrogen topass through the mass 
".:to.:fiush/ut- ny..hydrochloric gas which was 
-present. This .step, .of .course, is unnecessary 
cS-when either no .catalyst is-.employed  or para- 
toluenesuifonicmcid is:.used. -For that. marrer a 
 .srna]l amonnt.,of-ïhydrochloric_,acid can,.remain in 
:the.,end:.product. The, final mixture represented 
. a -so]utiom of ,aboat  two-thirds acidic ester and 
70 onethird.xylene. Ariy other.suitable solvent such 
: -as ymene,.mesityene,«decalin, etc., could .be used 
:se.as. te.permit therefiux temp.erature te be 'some- 
'what-higher;..or. somewhat:qower:as in the,use.0f 
. toluene. 
"The =amount«of, Xylene used.:was .suflïcient -to 
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maintain the temperature of reflux af 150 ° C. 
However, any temperature îrom 145 ° fo 155 ° C. 
wi]l serve. The weights indicated are based on 
a proportionate molecular weight range and 
actually the amounts that went into the reaction 5 
vessel may bave varied slightly, for instance, a 
few grains more or a few gráms less.. However, 
all this was within working tolerance of a pro- 
cedure of this kind. If is fo be noted, also, that 
commercial chemicals were employed and in such 10 

smiface-active materials which can be used as 
demu]sifying agents, or coupling agents in the 
manufacture of emulsifying agents for preparing 
oil-in-water emulsions. Furthermore, they can 
be treated with epichlorohydrin and then with 
pyridine fo give quaternary amrnonium products 
which are valuable for inhibiting micro-organic 
or bacteriological growths. 
A series of examples appear in the foi!owing 
table illustrating the entire procedure. 

EX. NO. 

lb__- .... 
lOb ...... 
llb ...... 
12b 
13b ...... 
14b ...... 
lb ...... 
16b ...... 
170 ...... 
19b ...... 
20b ...... 
21b ...... 
22b ...... 
23b ...... 
25b ...... 
25b ...... 
27b ...... 
28b ...... 
29b ...... 
30b ...... 
3lb ...... 
82b ...... 
33b ...... 
34b ...... 
35b ...... 
36b ...... 
375 ...... 
39b ...... 
405 ...... 
415 ...... 
425 ...... 
45b ...... 
4ôb ...... 

)xypro 
ated C, 
poun 

3yl- Amt. 
- Used 
(grs.) 
ça 448 
448 
Sa 448 
Sa 448 
7a 543 
7a 543 
7a 543 
7a 543 
a 543 
va 508 
9a 508 
9a 508 
9a 508 
9a 508 
lla 573 
lla 573 
lla 573 
lla 873 
lla 573 
1Sa 568 
13a 568 
13a 568 
1Sa 568 
13a 568 
15al 603 
1Sa 603 
1Sa 603 
1Sa 603 
1Sa 603 
la 776 
2a I 804 
3al 513 
4a! 642 
Sa 448 
6a 864 
7a 543 
8a 672 
la' 776 
2a 804 
3a 513 
4a 642 
Sa 448 
6a 864 
7a 543 
8a 672 

instances purity may bave been somewhat less 
tha.n 100%. 50 
Such solvent can be removed by the usual pro- 
cedure, such as distillation and particularly 
vacuum distfllation. If need not be removed as 
far as its use as a demulsifier goes. 
The final product, on a solvent-free basis, was 55 
a somewhat viscous Iiquid with a straw color. 
The products varied from this color, or somewhat 
Iighter, fo products whieh were darker in color 
with a reddish-amber cast. The products were 
water-insoluble. Needless fo say, these acid esters 60 
can be decolorized by any usual procedure such 
as treating with charcoal, bleaching clays, or the 
like. Indeed, the hydroxylated reactant prior 
fo oxypropylation can be decolorized also in the 
same manner. I-Iowever, there is no need fo go 65 
to this added expense for use in demulsification. 
It is tobe noted that the use of these products 
is not limited fo demulsification, and have utility 
in other applications, suc'h as use as a break- 

Polycarboxy 
Compound 

Adipic Acid ....... 
Phthalic Anhyd___ 
Succinic Anhyd.._ 
Sebacic Acid ...... 
Azelaic Acid ...... 
Adipic Acid ....... 
Phthalic Anhyd___ 
Succinic Anhyd. __ 
Sebacic Acid ...... 
Azelaic Acid ...... 
Adlpic Acid ....... 
Phthalic Anhyd_._ 
Succinic Anhyd___ 
Sebacic Acid ...... 
Azelaic Acid ...... 
Adipic Acid ....... 
Phthalic Anhyd___ 
Succinic Anhyd___ 
Sebacic Acid ...... 
Azelaic Acid ...... 
A.dipic Anhyd ..... 
Phthalic Anhyd___ 
Succinic Anhyd___ 
Sebacic Acid ...... 
Azelaic Acid ...... 
.kdipic .&nhyd .... 
Phhalic Anhyd__. 
Succinic Anhyd___ 
Sebacic Acid ...... 
Aze]aic Acid ...... 
Diglycollic Acid__. 
..... do ............. 
..... do ............. 
Aconitic Acid ..... 
..... do ............. 
..... do .......... l _ _ 
..... do ............. 
..... do ............. 
..... do ............. 
..... do ............. 

2kmt. 
Used 
(grs.) 

146 
148 
100 
202 
188 
73 
74 
50 
101 
94 
146 
148 
100 
202 
188 
73 
74 
50 
101 
94 
146 
148 
100 
202 
188 
73 
74 
50 
101 
94 
268 
134 
67 
67 
134 
134 
67 
67 
348 
174 
87 
" 87 
174 
174 
87 
87 

&m Xy- 
[en Tsed 
( .) 
250 
250 ...... 
250 ...... 
250 
250 
25ol 
2501 ........ 
250 ........ 
250 
250 
250 
250 ....... 
250 ........ 
250 
250 
250 HO1 
250 ...... 
250 ...... 
250 
250 
25O HC1 
250 ...... 
250 ...... 
250 
250 
250 
250 
250 
250 
250 
300 
300 
250 
250 
250 
300 
250 
275 
300 
300 
250 
275 
250 
300 
250 
250 

.yst Am. 
ed, if Used 
my 
Trace_ 
Trace_ 
__clo__ 
_ _do _ _ 
Trace_ 
.__do__ 
.--do- - 
Trace_ 
.._d0-. 
.__do-_ 
Trace. 
.__do-- 
.-_do_- 
HC1 Trace. 
HC1 .__do__ 
HCI .--do-- 
HCI Trace. 
HC1 .__do__ 
HCI .__do__ 
HCI ___do ..... 
HCI ___do ..... 
HCI .__do ..... 
HC1 ...do ..... 
HC1 .__do ..... 
HC1 .__do ..... 
HCI .__do ..... 
HC1 .__do ..... 
HCI .__do ..... 
HC1 ].__do ..... 
HC1 , .__do ..... 
HC1 .__do ..... 
HCI .__do ..... 
HC1 .__do ..... 
HC1 .__do ..... 

Time of 
Reflux 
(approx. 
150 ° C.) 
(hrs.) 

6 
4 
4 
6 
6 
6 
4 
4 
6 
6 
6 
4 
4 
6 
6 
6 
4 
4 
6 
6 
6 
4 
4 
6 
6 
6 
4 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

The reflux $imes appearing in the tables vary- 
ing from 4 to 6 hours, represent approximations. 
In practically every instance af ter the reflux 
started the theoretical amount of water, or the 
equivalent indication that reaction was complete, 
appeared within 3 to 4 ½ hours. In other words, 
if the reflux rime was actually cut down fo three 
hours wherever 4 hours happened to be indicated, 
or fo 4½ hours wherever 6 hours are indicated, 
the resultant product would probably be the saine. 
Indeed, ai higher temperatures the reaction can 
be completed in less rime and can be completed 
just as rapidly in absence of any solvent by 
employing a temperature of appfioxirnately 200 ° C. 
PART 4 
Conventional demulsifying agents employed in 
the treatment of oil fleld emulsions are used as 
such, or after dilution with any suitab!e solvent, 
such as water, petroleum hydrocarbons, such as 
benzene, toluene, xylene, tar acid off, cresol, an- 

inducer in the doctor treatment of sour hydro- 70 thracene oil, etc. Alcohols, particularly aliphatic 
carbons. Simflarly, since these products contain alcohols, such as methyl alcohoI,.ethyl alcohol, 
a reactive carboxyl radical they can be converted denatured alcohol, propyl alcohol, butyl.alcohol, 
into other derivatives which, in turn, have numer- hexyl alcohol, octyl alcohol, etc., may be em- 
ous uses. For example, these products can be ployed as diluents. Miscellaneous solvents such 
subjected fo oxyethylation fo yield water-soluble 75 as pine oil, carbon tetrachloride, sulfur dioxide 



èxtrac obtained in the refining of peto!eum, etc., 
may be employed as diluents. Simflarly, the ma- 
terial or materials employed as the demulsifying 
agent of my process may be admixed with one or 
more of the solvents customarily used in connec- 
tion with conventional demulsifying agents. 
Moreover, said material or materials may be used 
alone or in dmixture with other suitable wel!- 
known classes of demulsifying agents. 
It fs well known that .conventional demutsify- 
ing agents may be used in a water-s01uble form, 
or in an off-soluble form,, or in a form exhibiting 
both Off- and water-sotubility. Sometilnes they 
may be used in a form which exhibits re.latively 
limited oil-solubility. I-Iowever, sirlce sUCh 
agents are frequently used in a ratio of I to 10,000 
or i to 20000, or 1 to 30000, or even 1 to 40,000, 
or 1. to 50,000 aS in .desalting practice, such 
apparent insolubility in oil and water is hot sig- 
nificant because said reagens undoubtedly bave 
solubility within such ,concentrations. This 
saine fact is truc in regard to the mterial or 
terials employed as the demulsifying agent of my 
process. 
In practicing n%y process for resolving petro- 
leum emulsions of the water-in-oil type, a treat- 
ing agent or demulsiÏying agent of the kind above 
described is brought into contact with or caused 
to set up0n the emulsion tobe treated, in any of 
tahe valious apparatus now generally used to 
S01ve or break petroleum emulsions v«ith a chemi- 
cal reagent, the above procedure being used alone 
or in ,combination with other demt!Isifying prO- 
cedure, such as the electrical dehydra.tion process. 
One type of procedure is to accumulate a 
vlume of emulsified off in a tank and conduct a 
batch treatment type of demulsification pro- 
cdure to recover clean oil. In this procedure the 
emulsion is admixed with the demulsifier, for ex- 
ample by agitating the tank of emulsion and 
slowly dripping demulsifier into the emulsion. 
In some cases mixing is achieved by heating the 
emulsion while dripping in the demulsifier, de- 
pending upon the convection currents in th¢ 
emulsion to produce satisfactory adn]ixture. In 
a third modification of this type of treatment, a 
circulating pump withdraws emulsion from, e. g., 
the bottom of the tank, and re-introduces it into 
the top of the tank, the demulsifier being added, 
for example, st the suction side of said circu- 
lating pump. 
In a second type of treating procedure, the de- 
mulsifie- is introduced into the well fluids st the 
well-head or st some point between the well- 
head and the final off storage tank, by means of 
an adustable proportioning mechanism or pro- 
portioning pump. Ordinarily the fiow of fiuids 
through the subsequent lines and fitting suffices 
to produce the desired degree of mixing of de- 
mulsifier and emulsion, although in some in- 
stances additional mixing devices may be intro- 
duced into the fiow sYstem. In this general pro- 
cedure, the system may include various mechan- 
ical devices for withdrawing free water, sepa- 
rating entrained water, or accomplishing quies- 
cent settling of the chemicalized emulsion. 
Heating devices may likewise be incorporated in 
any of the treating procedures described herein. 
A third type of application (down-the-hole) of 
demulsifier to emulsion is to introduce the de- 
mulsifier either periodically or continuously in 
diluted or undiluted form into the well and to al- 
low it to corne to the surface with the well fiuids, 
and thon to fiow the chemicalized emulsion 
through any desirable surface equipment, such 

8 
a.S emp!oed in t!!e 0her treatin procedur'e. 
T h'.m. particular type of_ application is decidedly 
USe.fu! when th demulsifier  used  ¢onnection 
wth acifiction of calcareous 0il.bearng 
 strata, especially if suspended in or OEss01ved 
the açid employd for acdification 
In al!. cases,, it will ba apparent from the fore- 
oing desofiption the broad process courts 
simplF in introdu0in a rel.aively smalt propor- 
!Ç tion of demsifier into a re!ativeiF large propor« 
on of emsion, admxg the chemical and 
emulsn either tough natura! flow or hr0ugh 
special appaatus, ith or without th e applica- 
tion of heat, and allowing the mixture to stand 
! qiescent untit the undesirable waer ç0ntet of 
the emulsion sçPrate an Sttls fr 
Ss. 
The following fs a tYpical.itallation, 
A l-eservoir to hold the demulsifier of the Mnd 
20 described (luted or unluted) fs placed ai the 
well-head where the euent liqds leave the well. 
This reseoir or .contaer, hich may var from 
5 allons  50 all0ns for convenience, i o0n- 
nected to a proportionin pump which iects the 
25 demulsifier drop-we into the fiui leaVing the 
welt. Such checized fiuids pass through the 
fiowle into a setthng ta. The settling tank 
coists of a tank of an c0nvenient size, for 
stance, one which will hold am0unts of fluid pro 
30 duced in 4 to 24 hours (500 barrel to 2000 barls 
capacity), and  which there is a. peçpendicu!ar 
oendut from the top 0f the ta to almost the 
ver F hottom so aS o permit the incoming flui. 
to pass from e top of the ettling tank  
35 bottom, so at such comg fiui do hot d!s 
turb stratificalon which takes place during the 
course of demulsification. The sett!g tank has 
two outlets, one bein below the water level to 
drain off the wat¢ rest from demuifica- 
40 tion or accompying e emulsion as free 
the other bein bel0w the water loyal to drain off 
the water resulting from demulsification or ac- 
companying the emsion as free water, the 
other bein an off ourlet st the p to petit the 
45 passage of dehydrated off fo a second ta, being 
a storae ta, wch holds ppeline or dehF- 
drated off to a second tank, beg a storaffe 
which holds pipeHne 0r dehydrated oil. If 
s!red, the conduit 0r pipe which sexes to ,carçF 
50 the fiuids from th¢ well  the sett!ing tank maF 
inc!ude a section of pipe with baes to serve as 
mixer,  sure thorough distribution of the 
mulsifier throughout the fiUids, or a heater for 
rag the temperatur¢ 0f .the fluidS fo some o, 
55 veent temperate, for itance, 120  to. 60  
" ' or both heater and mer. 
Demulsification procedure fs started bY simp!y 
setting the pump so as to feed a comparatively 
large ratio of demulsifier, for instance, 1:5,000. 
60  soon as a complote "break" or satisf.actory de- 
mulscation fs obtained, the pp fs regated 
until experience shows that the amount of de- 
mulsifier being added fs just sucient to produce 
clean or dehydrated off. e amount being fed 
65 at such stage fs usually 1:10,000, 1:15,000, 
1:20,000, or e like. 
In many instances the oxyalkylated produc 
herein spified as demulsifiers can be con- 
veniently used thout lution. However, as 
70 previoly noted, they may be luted as desired 
with any suitable solvent. For instance, by mix- 
ing 5 parts by weight of an oxyalkylated deriva- 
rive, for example, the product of Example 335 
th 15 par by weight of xylene and 10 pars by 
7 weight of isopropyl alcohol, an excellent demulsl- 
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19 
fier is obtained. -.Selection of the solvent will 
vary, depending upon the solubflity characteris- 
tics of the oxyalkylated product, and of course 
will be dictated in part by economic considera- 
tions, i. e., cost. 
As noted above, the products herein described 
may be used hot only in diluted form, but also 
may be used admixed with some other chemical 
demulsifier. A mixture which illustrates such 
combination is the following: 
Oxyalkylated derivative, for example, the prod- 
uct of Example 33b, 20%; 
A cyclohexylamine salt of a polypropylated 
naphthalene monosulfonic acid, 24%; 
An ammonium salt of a polypropylated naph- 
thalene mono-sulfonlc acid, 24 % ; 
A sodium salt of off-soluble mahogany petro- 
leum sulfonic acid, 12% ; 
A high-boiiing aromatic petroleum solvent, 
Isopropyl alcohol, 5%. 
The above proportions are all weight percents. 
Having thus described my invention what I 
claire as new and desire fo secure, by Letters 
Patent, is: 
i. A process or breaking petroleum emulsions 
of the water-in-oil type characterized by subject- 
ing the emulsion fo the action of a demulsifier 
including a rnonomeric acidic fractional ester; 
said acidic ïractional ester being obtained by re- 
action between () one mole oï the dihydrox- 
ylated oxypropylation product obtained from a 
member of the class consisting of styrene glycols 
and polystyrene glycols up fo and including the 
hexamer, and (b) 2 moles of a polycarboxy acid; 
Said oxypropylation product prior to esterifica- 
tion being within the molecular weight range of 
750 to 3500, and being obtained by oxypropyla- 
tion in the molal ratio from 10 to 1 through .the 
range of 50 to 1 on the basis oî propylene oxide to 
_styrene compound, and said oxypropylatlon prod- 
uct prior to esterification being water-insoluble; 
said acidic reactant having hot more than 32 
carbon atoms. 
2. A process for breaking petroleum emulsions 
bf the water-in-oil type characterized by sub- 
jecting the emulsion to the action of a demulsifier 
ncluding a monomeric acidic fractional ester; 
said acidic fractional ester being obtained by re- 
action between (a) one mole of the dihydroxyl- 
ated oxypropylation product obtained from a 
hember of the class consisting of styrene glycols 
and polystyrene glycols up to and including the 
hexamer, and (b) 2 moles of a dicarboxy acid; 
said oxypropylation product prior to esterifica- 
tion being within the molecular weight range of 
1000 to 2500 and being obtained by oxypropyla- 

2O 
tion in the molal ratio from 10 to 1 through the 
range of 50 to 1 on the basis of propylene oxide to 
styrene compound, and said oxypropylation prod- 
uct prior to esterification being water-insoluble; 
5 said acidic reactant having hot more than 32 
carbon atoms. 
3. A process for breaking petroleum emulsions 
of the water-in-oil type characterized by sub- 
jecting the emulsion fo the action of a demulsifier 
10 including a monomeric acidic fractional ester; 
said acidic fractional ester being obtained by re- 
action between (a) one mole of the dihydroxyl- 
ated oxypropylation product obtained from a 
member of the class consisting of styrene glycols 
15 and polystyrene glycols up to and including the 
hexamer, and (b) 2 moles of a saturated di- 
carboxy acid; said oxypropylation product prior 
fo esterification being within the molecular 
weight range of 1000 to 2500 and being obtained 
20 by oxypropylation in the molal ratio from 10 to 1 
through the range of 50 to 1 on the basis of 
propylene oxide to styrene compotmd, and said 
oxypropylation product prior fo esterification be- 
ing water-insoluble; said acidic reactant having 
25 hot more than 32 carbon atoms. 
4. The process of claim 3 with the proviso that 
the molecular weight range of the oxypropyla- 
tion product is between 1,000 and 2,500, and the 
dicarboxy acid reactant is phthalic anhydride. 
30 " 5. The process of claire 3 with the proviso that 
the molecular weight range of the oxypropylation 
product is between 1,000 and 2,500, and the di- 
carboxy acid reactant is succinic acid. 
6. The process of claire 3 with the proviso that 
35 the moïecular weight range of the oxypropyla- 
tion product is between 1,000 and 2,500, and the 
dicarboxy acid reactant is diglycollic acid. 
'7. The process of clafln 3 with the proviso that 
the molecular weight range of the oxypropyla- 
0 tion product is between 1,000 and 2,500, and the 
dicarboxy acid reactant is adipic acid. 
8. The process of claire 3 with the proviso that 
the molecular weight range of the oxypropyla- 
tion product is between 1,000 and 2,500, and the 
45 dicarboxy acid reactant is sebacic acid. 
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